INTRODUCTION
Nitrite is a naturally occurring anion in environmental waters and plays an important role in the analysis of seawater. The main anthropogenic source of nitrogen compounds in water are fertilizers which are being used in agriculture, mainly containing nitrate, ammonia, ammonium, urea and amines which are finally drained in water bodies (Malerba et al. ) . The flux of these compounds is increased as a result of livestock excrements, urban and organic wastes from chemical industries, power stations, domestic wastes and septic tank effluents, and application of pesticides and herbicides in agriculture (McDonald ) . Nitrite is one of the limiting nutrients and its concentrations in aquatic environments are used for assessment of water quality and evaluation of marine phytoplankton growth as well (Sciandra & Amara ) . The eutrophication of these nutrients in water (Smith et al. ) can lead to algal blooms as widespread and critical problems in pollution of natural waters that causes hypoxia situation for living organisms, and blocks sunlight penetration into seawater. These situations have harmful effects on water quality and marine organisms (Landsberg ) . Derivatization-based reactions for spectrophotometric determination of nitrite are the most commonly employed technique (Bendschneider & Robinson ) . These are based on a well-known reaction, namely acidification of nitrite to form the nitrosium ion and its subsequent combination with a primary aromatic amine to form a diazonium ion (Seyhan ). The diazonium ion is then coupled with another aromatic compound to form an azo dye of which the absorbance is measured. Classically, nitrite has been determined by the Griess method, in which nitrite is diazotised with sulphanilamide and then reacted with N-(1-naphthyl)ethylenediamine to form a colored product (Indyk & Woollard ) . This method suffers from low sensitivity, low specificity and interference by other ions, oxidants, colored matter and turbidity, especially in biological samples (Damiani & Burini ) .
2,3-Diaminonaphthalene (DAN) is a highly selective and suitable reagent for spectroscopic determination of nitrite in biological samples. This reagent has some advantages such as high sensitivity, high specificity, simplicity in both sample preparation and derivatization, stable derivatives, linearity with a wide range of nitrite levels, low cost, universality, and lack of interferences when sufficiently dilute samples are used ( Jobgen et al. ) . Wiersma () described a DAN procedure for spectrophotometric and fluorometric determination of nitrite. In this method the formed derivative was extracted from aquatic solution by double extraction steps with solvent-like 1,1,2,2-tetrachloroethane. Thereafter, Sawicki () employed Wiersma's procedure with a minor modification to develop a fluorometric method for the determination of nitrate in aqueous solution using a mixture of 1,2-dichloroethane and chloroform for extraction.
Here, compared to toxic chlorinated solvents which have been used for the extraction in earlier reports, we employed dispersive liquid-liquid microextraction based on solidification of organic droplet (DLLME-SFO) method (Rezaee et al. ; Abadi et al. ) . This method permits high enrichment and extraction of trace level of nitrite from the complex matrix of seawater using low toxicity organic solvents such as 1-dodecanol, which are lighter than water. To the authors best knowledge there is no report on DLLME-SFO and spectrophotometric measurement of nitrite in seawater as yet.
MATERIAL AND METHODS

Apparatus
A Centurion Scientific K3 series K241R centrifuge was used to accelerate phase separation. A TPS WP-80 digital pH meter was used for pH adjustments. A 2 mL Hamilton syringe (Hamilton Company, Nevada) was used for injection of mixed volume of extraction solvents. Spectrophotometry studies were accomplished by an UNICO UV-Vis spectrophotometer model s2100 equipped with quartz microcell.
Reagents
All reagents were of analytical grade and obtained from Merck (Darmstadt, Germany), Fluka (Buchs, Switzerland) and SigmaAldrich (Steinheim, Germany) and used without further purification. All solutions were prepared with doubly distilled water (DDW). Stock nitrite solution (100 ppm) was prepared by dissolving 15 mg of sodium nitrite (previously dried for 4 hours at 110 W C) in 100 mL of DDW, followed by adding 10 drops of chloroform and a pellet of sodium hydroxide as preservative in order to prevent bacterial growth. 
Derivatization and DLLME-SFO procedure
Under optimum conditions of DLLME-SFO, 10 mL seawater sample was filtered through a 0.20 μm membrane filter, and its pH reset by an adding adequate amount of hydrochloric acid to 1.5 (as optimal pH for derivative reac- 
RESULTS AND DISCUSSION
Effect of DAN concentration
To optimize the concentration of the DAN derivatizing agent a series of 10 mL aliquots of nitrite (10 μg/mL) were treated with 1 mL of DAN solutions with concentrations ranging from 10 to 80 μg/mL in 0.62 M hydrochloric acid. As shown in Figure 2 (upper curve), the increasing concentration of DAN within the range of 10-50 μg/mL resulted in the highest absorbance.
There were no more absorbance changes in the upper concentration of DAN. Based on these results, the 50 μg/mL of DAN concentration was determined as the optimal amount for reaction with nitrite (Sawicki ; Damiani & Burini ).
Effect of pH
The effect of pH in spectrophotometric determination of nitrite in seawater has two aspects that should be investigated. The first aspect is finding the optimal pH associated with the reaction of nitrite ion with DAN in seawater medium in which the derivative was formed with the highest absorbance. As seen in Figure 2 (lower curve), the pH of 1.5 gave the best result and was chosen as the optimum reaction pH and adjusted to this point using 0.62 M hydrochloric acid.
The second aspect is the effect of pH on the microextraction procedure, which was investigated by extracting prepared solution of seawater samples, varying with pH from acidic to basic in the range of 2.0-9.5 and not higher, because at high pH values, Mg and Ca precipitate out of seawater. This was due to the precipitation of metal ions available in artificial seawater with OH -in basic condition. Based on the results obtained, the absorbance was independent of pH in DLLME-SFO procedure. Hence we decided to extract samples at pH ¼ 1.5, the best conditions for derivatization of nitrite with DAN.
Selection of extraction and dispersing solvent
Selecting a suitable extraction solvent is of great importance in the DLLME-SFO method. It should have low solubility in water, high solubility in the disperser solvent, low volatility, low toxicity, low melting point near room temperature, lower density than water and high affinity to analyte 
Effect of extraction solvent volume
To study the effect of extraction solvent volume on the DLLME-SFO procedure, a series of seawater samples (treated under previously optimized conditions) were extracted with different volumes of 1-dodecanol (50, 100, 150, 200, 250, 300, 350 μL) as extracting solvent and 1.0 mL fixed volume of methanol as dispersing solvent. As shown in Figure 5 (lower curve), when the volume of 1-dodecanol was increased 
Effect of dispersing solvent volume
The influence of dispersing solvent volume on the extraction efficiency was investigated. A series of treated seawater samples was extracted with various volumes of methanol (0.5, 0.7, 1.0, 1.2, 1.5, 1.7, 2.0 mL) as the disperser solvent.
The results shown in Figure 5 (upper curve) indicate that the extraction efficiency was lower when the volume of methanol was less than 1.2 mL, because at volumes lower than 1.2 mL, the cloudy state could not be formed well, and the extractant could not be dispersed well in the sample solution. Conversely, increasing the volume of methanol from 1.2 to 2.0 mL led to a slight decline in absorbance due to enhanced solubility of 1-dodecanol in aqueous solution containing a high percentage of methanol. Therefore, 1.2 mL volume of methanol was selected as optimum.
Effect of salt addition and extraction time
Generally, the increase of ionic strength can cause a decrease in the solubility of the analytes in sample solution, and enhance the extraction efficiency. The effect of increasing ionic strength of the seawater sample on the DLLME-SFO efficiency was studied by adding NaCl (0-10% w/v) into the sample. DLLME-SFO experimental conditions were the same as those optimized before. No significant effect on the absorbance of NAT was found when different amounts of NaCl were added into the aqueous solution.
However, this tendency could be predictable due to the presence of large quantities of salt components in the seawater matrix.
The effect of extraction time on the extraction efficiency was examined in the range of 0-10 minutes. No significant difference between extraction times was found.
It has been proved (Zahedi et al. ) that the surface areas between extraction solvent and sample solution are infinitely large after forming the cloudy solution. Therefore, the analyte mass transfer into the extraction solvent is so fast that the extraction equilibrium can be achieved in a short time and the time of extraction is shortened considerably (Xu et al. ) . Consequently, the extraction time of 1 minute was chosen as optimal for application in further experiments.
Application and analytical performance
Under the optimal experimental conditions, figures of merit for the suggested method such as enrichment factor, linear range, limit of detection (LOD; 3 σ/m where σ is standard inorganic anions by SFOD method has been published to date. We employed the DLLME-SFO method which was simulated for the seawater matrix and has numerous advantages such as simplicity of operation, rapidity, low cost, low toxic, high efficiency and high preconcentration factor. 
